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Description 

Technical Field of the Invention 

[0001] The present invention relates to a moisture-absorbing and desorbing polynner having high moisture-absorb- 
ing and desoiting properties and particularly having high moisture-absoiting and desorbing rates and also relates to 
compositions containing the same. 

Prior Art 

[0002] With regard to a means for removing moisture in air, moisture absorbents such as lithium chloride, calcium 
chloride, magnesium chloride and phosphorus pentaoxide have been used. However, although such moisture absorb- 
ents have much moisture absorbing capacity and qu\ck moisture absorbing rate, they are deliquescent and, therefore, 
there are disadvantages that they are liquefied after absorption of moisture and soil other substance, apt to be dis- 
solved and difficult for their regeneration. Although other moisture absorbents such as silica gel, zeolite, sodium sulfate, 
active alumina and active carbon do not have such a problem, they have disadvantages that their moisture absorbing 
capacity is low, their moisture absorbing rate is slow, their regeneration require a high temperature and their repeated 
absorption and desorption of moisture result in pulverization which are causes that their practical use is disturbed. 
[0003] On the other hand, with regard to moisture absorbents of an organic type, ultra water-absorbing resins rep- 
resented by that of a polyacrylate type may be utilized as a moisture absorbent. However, in the case of such ultra 
water-absorbing resins, their water-absorbing property is very good but their moisture-absorbing property is not satis- 
factory. The specific problems are that their retention of water is so high that desorption of moisture hardly occurs, an 
equilibrium moisture absorption capacity at low humidity is low, they become tacky with absorption of moisture and their 
moisture absorbing rate is slow. With regard to the poor moisture desorption and problems at low temperature and of 
tackiness, solutions thereof have been attempted in the Japanese Laid-Open Patent Hel-05/1 32,858 by the proposal of 
highly moisture- absorbing and desorbing fiber consisting of organic polymer and in the Japanese Laid-Open Patent 
Hei-08/225,610 by the proposal of organic moisture-absoibing and desorbing fine particles. However, slow moisture- 
absorbing and desorbing rates have been still pointed out as a problem. 

[0004] With regard to the moisture-absorbing rate, there is a proposal, for example, in the Japanese Laid-Open Pat- 
ent Hei-05/1 05.704 for a method where polyacrylate and deliquescent inorganic salt are jointly used. It is mentioned 
there that, according to the said method, moisture- absorbing and desorbing properties at low humidity are improved 
whereby a product having a high moisture-absorbing property without dropping of water can be obtained. However, the 
time necessary for moisture absorption is in a level of hours (in the Examples, a significant increase in moisture absorp- 
tion is noted during ten hours) and such a method is not satisfactory for the use requiring the moisture absorbing rate 
in the level of minutes or even seconds such as a rotary dehumidifier. 

[0005] Such a moisture-absorbing rate is described in Kogyo Zairyo, volume 29, no. 8, page 1 8 where it is pointed 
out that highly hydrophilic polymers such as a high water-absorbing resin usually have slow moisture-absorbing rate. 
The reason therefor is mentioned that, because of an interaction among polar groups in the polymer, molecular move- 
ment of the polymer itself is suppressed whereby diffusion of water hardly takes place. It is also described that, with 
regard to a highly equilibrium moisture-absorbing amount at high humidity, the said interaction is gradually lost as the 
absorption of moisture proceeds whereby plasticization progresses and diffusion of water is apt to occur and, as a 
result, a relatively highly equilibrium moisture-absorbing amount is resulted at last. 

Problems to be Solved by the Invention 

[0006] An object of the present invention is to offer a polymer having high moisture-absorbing and desorbing prop- 
erties and being able to express such moisture-absorbing and desorbing properties within a short period or, in other 
words, a polymer having moisture-absorbing and desorbing rates and also to offer compositions containing the said pol- 
ymer. The present inventor has carried out an intensive study concentrating to moisture-absorbing and desorbing prop- 
erties or, especially, moisture-absortDing and desorbing rates of moisture-absorbing and desoriDing materials. As a 
result, he has found that the type of the salt of a carboxyl group greatly affects the moisture-absorbing and desorbing 
rates and has been able to prepare an organic polymer having high moisture-absorbing and desorbing properties and 
exhibiting excellent moisture-absoibing and desorbing rates which have not been available up to now whereupon the 
present invention has been accomplished. 

Means for Solving the Problems 

[0007] The above-mentioned object of the present invention can be achieved by a moisture-absoibing and desoriD- 
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ing polymer which is characterized in that the said polymer is an organic high-molecular substance containing 1 .0-8.0 
meq/g of carboxyl group of a potassium salt type and having a cross-linking structure. Such a moisture-absorbing and 
desorbing polymer may be in any of the forms of fiber, particles and sheets and compositions containing the said poly- 
mer is useful where the rate of absorption and desorption of moisture is requested. As hereinafter, the present invention 
5 will be illustrated in detail. 

Best Mode for Canying Out the Invention 

[0008] First, it is necessary that the moisture-absorbing and desorbing polymer of the present invention contains 
10 1.0-8.0 meq/g of carboxyl group of a potassium salt type and having a cross-linking structure. The highlight of the 
present invention and the key for achieving the excellent moisture-absorbing rate are that the carboxyl group is in a 
potassium salt type. Probably due to the fact that potassium is a commonly used alkaline metal, carboxyl group of a 
potassium type has been described by means of exemplification in the patents up to now including the known patents 
intended to give a high moisture-absorbing amount. However, that which has been described is merely exemplification 
15 and there has been no patent in which the relation between moisture-absorbing rate and the salt type of carboxyl group 
is specifically reported. 

[0009] The present inventor has studied the relation between the moisture-absorbing and desorbing rates and the 
salt type of carboxyl group. In the literatures up to now, moisture-absorbing and desorbing properties at the equilibrium 
stage have been mostly discussed. Even in a few cases where moisture-absorbing and desorbing rates are discussed, 

20 the discussion is in a level of around ten minutes at the shortest and there has been no discussion in the level of one 
or two minutes or of seconds. The reason is due to the difficulty in a quantitative determination of the moisture-absorb- 
ing and desorbing rates of moisture-absorbing and de^rbing materials. Thus, in the measurement of moisture-absorb- 
ing and desorbing rates of moisture-absorbing and desorbing material perse within a short period of time, the moisture- 
absorbing and desorbing rates are greatly affected by various factors such as form and shape of the moisture-absorbing 

25 and desorbing materials, measuring method, measuring conditions and measuring apparatus whereby a correct meas- 
urement is not possible. Against such a problem, the present Inventor has succeeded in making a moisture-absorbing 
and desorbing material into a sheet on which the material is thinly and uniformly applied whereby it is subjected to a 
con-ugate process to evaluate under a predetermined condition to overcome the problem whereupon a quantitative 
measurement of moisture-absorbing and desorbing rates within a short period of time has been made possible. 

30 [0010] When the exchanging capacity of carboxyl group is same, the order of equilibrium moisture-absorbing 
amount per unit weight Is sodium salt > potassium salt = lithium salt > rubidium salt > cesium salt but it has now been 
found that. In the case of treatment for two minutes or shorter, the order of moisture-absorbing rate in terms of quick- 
ness is potassium salt > rubidium salt > sodium salt = cesium salt > lithium salt. Accordingly, the conclusion is that, in 
order to obtain a quick moisture-absorbing rate, potassium salt is necessary as a salt type of carboxyl group. 

35 [001 1 ] The reason why moisture-absorbing rate of carboxyl group of a potassium type is quick has not been clearly 
clarified yet although, in 'Shin-Kagaku Library - Yoeki no Kagaku (New Chemistry Library - Chemistry of Solution)" by 
Hitoshi Otaki, edited by the Chemical Society of Japan, there Is a discussion on an alkaline metal ion in aqueous solu- 
tion and movement of water molecules hydrated thereto. According to that, it Is mentioned, in the case of lithium ion and 
sodium ion, movement of hydrated water molecule is slower than that in pure water and is bonded with the ion under 

40 "strong interaction" while, in the case of ions of potassium, rubidium and cesium, movement is rather mobile than that 
in pure water and, although water is bonded to ion, it is rather free as compared with pure water in temris of mobility. It 
is also mentioned there that, in rubidium and cesium ions, ionic radius is too big whereby the interaction of water mol- 
ecule with Ion becomes weak and the numbers of water molecules to be hydrated rather decrease. 
[0012] On the other hand, it has been said that, in the case of porous substance such as silica gel and zeolite, its 

45 rate of adsorption of water is controlled by the diffusing rate in pores while the adsorbing rate of water into hydrophilic 
polymer is controlled by intramolecular diffusion. When the above fact and the mechanism for the phenomenon in water 
mentioned in the above literature are taken into consideration, it Is presumed that, even in the system where water is 
integrated from atmospheric air (a hygroscopic system), the moving rate of moisturized water molecules is as quick as 
that in water and the amount of hydrated water is much in the case of carboxyl group of a potassium type whereby the 

50 best property In temris of the rate may be achieved. 

[0013] The carboxyl group of a potassium type as such is a polar group having a high hydrophillcity for expressing 
a moisture-absoriDing property and, in order to achieve a high moisture-absorbing property, it is preferred to contain the 
said group as many as possible. However, in order to make the moisture-absorbing rate quick together with the high 
moisture-absorbing amount, it is necessary that they are well-balanced in view of the ratio to the cross-linking structure. 

55 To be more specific, when amount of the said polar group is too much such as more than 8.0 meq/g, the ratio of the 
cross-linking structure which can be introduced is too small resulting in a product similar to a high water-absorbing 
resin. As a result, problems such as a stickiness is resulted as mentioned already or an extreme decrease in the rate is 
resulted whereby an object of the present Invention cannot be achieved. 
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[0014] On the other, hand, when amount of the said polar group is snnall, the moisture-absoiting and deserting 
properties decrease and, especially when the amount is less than 1 .0 meq/g, the resulting moisture-absoiting and des- 
orblng properties are inferior to the above-mentioned moisture-absorbing inorganic materials whereby the practical 
value is lost. Practically, when amount of the said polar group is 4.0 meq/g or more or. more preferably, 6.0 meq/g or 

5 more, its priority as a moisture-absorting and desorbing properties become significant as compared with the conven- 
tionally available other moisture-absorbing materials whereby favorable result is often available. 
[0015] As a type of caitoxyl group for achieving the object of the present invention, salt of a potassium type is 
essential as mentioned already and the best result is available when all carboxyl groups contained in the polymer are 
changed to potassium type. However, the coexistence of carboxyl groups where other alkaline metals such as Li, Na, 

10 Rb and Cs; allcaline earth metals such as Be, Mg, Ca, Sr and Ba; other metals such as Cu, Zn, Al, Mn, Ag, Fe, Co and 
Ni; NH4; amine; or H as counter cations upon necessity is not out of scope of the present invention at all. In that case, 
there is'no particular limitation for the ratio of potassium ion to other ions in the total carboxyl group but, in view of the 
moisture-absorting and desorbing rates, the more the potassium ion, the better and, preferably, it is 40% or more or, 
more preferably, 60% or more. 

15 [0016] There is no particular limitation for a method of introducing the caitoxyl group of a potassium type into 
organic polymer and its examples are a method where a monomer having carboxyl group of a potassium salt type is 
copotymerized with other monomer which is capable of homopolymerization or copolymerizatlon, a method where a 
polymer having carboxyl group is prepared and then changed to a potassium salt type, a method where carboxyl group 
is introduced by a chemical modification followed, if necessary, by changing to a potassium salt type, and a method 
20 where the above three methods are earned out by a graft copoiymerization. 

[0017] An example of Introduction of carboxyl group of a potassium type by polymerization of a monomer having 
cartoxyl group of a potassium type is a homopolymerization of a potassium salt type monomer of a vinyl monomer con- 
taining carboxyl group such as acrylic acid, methacrylic acid, malelc acid, itaconic acid or vinylpropionic acid, a copoi- 
ymerization of consisting of two more of the said monomers or a copoiymerization of the said monomer with other 
25 monomer which is copolymerizable with the monomer whereupon a copolymer is prepared. When the above vinyl mon- 
omer having carboxyl group Is a monomer of an acidic type or a type other than a potassium salt type, it is also possible 
that a homopolymer or a copolymer is prepared by the same method as above and then the resulting polymer is sub- 
jected to an ion exchange with potassium ion whereby a potassium salt type is obtained. There is no particular limitation 
for a method for making the caitoxyl group into a salt type and. for example, the ion exchange can be carried out by 
30 treating with a solution containing a large amount of potassium ion such an aqueous solution of potassium chloride. 
[001 8] Examples of a method for introduction of a carboxyl group by a chemical modification are that where a pol- 
ymer consisting of a monomer being able to give a carboxyl group upon chemical modification is prepared and then 
hydrolysis is carried out to change to a cartoxyl group and, when that is not a potassium type, changing to a potassium 
type is carried out by the above-mentioned method. Examples of the monomer which can be used therefor are cyano- 
35 having monomer such as acrylonitrile and methacrylonitrile; and derivatives of acrylic acid, methacryllic acid, maleic 
acid itaconic acid, vinylpropionyl acid. etc. such as esters [e.g., methyl (meth)acrylate, ethyl (meth)acrylate, n-propyl 
(meth)acrylate, isopropyl (meth)acrylate, n-butyl (meth)acrylate, n-octyl (meth)acrylate, 2-ethylhexyl (meth)acrylate 
and hydroxyethyl (meth)acrylate], anhydrides [e.g., maleic acid anhydride and itaconic acid anhydride] and amide com- 
pounds [e.g., (meth) acrylamide, dimethyl (meth) acrylamide, monoethyl (meth)acrylamide and n- or tert-butyl 

40 (meth)acrylamide]. .... 
[0019] With regard to other methods for introduction of carboxyl group by means of chemical modification, it is also 
possible to use a method where carboxyl group is introduced by oxidation reaction into a polymer having a double bond 
or a group which can be oxidized such as a halogen group, a hydroxyl group or an aldehyde group. For this oxidation 
reaction, the commonly used oxidization reaction may be applied and, after introduction of a carboxyl group, it is also 

45 possible to make into a potassium salt type by the same manner as mentioned above. 

[0020] There Is no particular limitation for other monomer which are copolymerizable with the above monomer and 
its examples are vinyl halide compounds such as vinyl chloride, vinyl bromide and vinyl fluoride; vinyliden monomer 
such as vinyliden chloride, vinyliden bromide and vinyliden fluoride; unsaturated caitoxylic acid such as acrylic acid, 
methacrylic acid, maleic acid and itaconic acid and salts thereof; acrylates such as methyl acrylate, ethyl acrylate, butyl 

50 acrylate, octyl acrylate, methoxyethyl acrylate, phenyl acrylate and cyclohexyl acrylate; methacrylates such as methyl 
methacrylate. ethyl methacrylate, butyl methacrylate, octyl methacrylate, phenyl methacrylate and cyclohexyl methacr- 
ylate; unsaturated ketones such as methyl vinyl ketone, ethyl vinyl ketone, phenyl vinyl ketone, methyl isobutyl ketone 
and methyl isopropenyl ketone; vinyl esters such as vinyl formate, vinyl acetate, vinyl propionate, vinyl butyrate, vinyl 
benzoate, vinyl monochlroacetate. vinyl dichloroacetate, vinyl trichloro acetate, vinyl monofluoroacetate, vinyl difluoroa- 

55 cetate and vinyl trifluoroacetate; vinyl ethers such as methyl vinyl ether and ethyl vinyl ether; acrylamide and alkyl-sub- 
stituted derivatives thereof; vinyl-containing acid compounds such as vinylsulfonic acid, allylsulfonic acid, 
methallylsulfonic acid, styrenesulfonic acid, 2-acrylamide-2-methylpropanesulfonic acid, sulfopropyl methacrylate, 
vinylstearic acid and vinylsulflnic acid and salts, anhydrides and derivatives thereof; styrene and alkyi- or halo-substi- 
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tuted derivatives such as styrene, methylstyrene and chlorostyrene; allyl alcohol or esters or ethers thereof; vinylimides 
such as N-vinylphthalimide and N-vinylsuccinoimide; basic vinyl compounds such as vinylpyridlne, vinyllmidazole, 
dimethylaminoethyl methacrylate, N-vinylpyrrolidone, N-vinylcarbazole and vinylpyridine; unsaturated aldehydes such 
as acrolein and nnethacrolein; and cross-linking vinyl compounds such as glycidyl methacrylate, N-methylolacrylamide, 
5 hydroxyethyl methacrylate, triallyl isocyanurate, triallyl cyanurate, divinylbenzene, ethylene glycol di(meth)acrylate, 
diethylene glycol di(meth)acrylate, triethylene glycol di(meth) acrylate, trlmethylolpropane tri(meth) acrylate and meth- 
ylenebisacrylamide. 

[0021 ] There is no particular limitation for the cross-linking structure so far as it is not denatured physically or chem- 
ically as a result of moisture absorption and desorption but any structure such as cross-linking by covalent bond, ionic 
10 cross-linking and cross-linking by interpolymer interaction or crystalline structure will do. Further, there is no particular 
limitation for a method of introducing the cross-link and commonly used methods such as a cross-linking monomer at 
the stage of polymerization of main chain, post-cross-linking after polymerization and an introduction of cross-linking 
structure by physical energy may be used. 

[0022] Among those, a method where a cross-linking monomer is used during the stage of polymerization of 
75 organic polymer to be used as a main chain and a method where a post-cross-linking is carried out after preparing a 
polymer are able to introduce a strong cross-linking structure by covalent bond. 

[0023] In a method where a cross-linking monomer is used for example, it is possible to manufacture an organic 
polymer having a cross-linking structure due to covalent bond when the already-mentioned cross-linking vinyl com- 
pound Is used and is copolymerized with a monomer which has carboxyl group or is able to change to carboxyl group. 

20 In that case however, in introducing an acrylic acid group, it is necessary to use a cross-linking monomer which is not 
chemically affected (such as hydrolysis) under an acidic condition (such as acrylic acid) or upon changing to carboxylic 
group whereby the applicable cross-linking monomers are limited. , 
[0024] Examples of the cross-link introduced by such methods are those introduced by cross-linking vinyl com- 
pounds such as glycidyl methacrylate, N-methylolacrylamide, triallyl isocyanurate, triallyl cyanurate, divinylbenzene, 

25 hydroxyethyl methacrylate, diethylene glycol di (meth) acrylate, triethylene glycol di(meth)acrylate. trimethylolpropane 
tri(meth)acrylate and methylenebisacrylamide. Among them, the cross-linking structure by triallyl isocyanurate, triallyl 
cyanurate, divinylbenzene and methylenebisacrylamide is chemically stable even, for example, at the stage of hydroly- 
sis for introduction of carboxyl group and is preferred. 

[0025] In addition, there is no particular limitation for a method by means of a post-cross-linking and its example is 
30 a post-cross-linking method where a hydrazine compound or fonnaldehyde is made to react with nitrile group in a nitrile 
compound wherein the content of vinyl monomer containing nitrile group is 50% by weight or more. In particular, a 
method using a hydrazine compound is quite good because it is possible to introduce a strong cross-link which is stable 
to acid and alkali, contributes to improvement in moisture-absorbing property due to the hydrophilicity of the cross-link- 
ing structure perse and is able to keep the forni such as a porous form. Incidentally, with regard to the cross-linking 
35 structure obtained by the said reaction, its details have not been identified yet although it is presumed to be based upon 
a triazole ring or a tetrazole ring. 

[0026] There is no particular limitation for the vinyl monomer having nitrile group so far as the monomer has nitrile 
group and its specific examples are acrylonitrile, meth aery lo nitrile, ethacrylonitrile, a -chloroacrylonitrile, a -fluoroacryl- 
nitrile and vinylidene cyanate. Among them, acrylonitrile which is advantageous in view of the cost and has much 

40 amount of nitrile group per unit weight is most preferred. 

[0027] There is no particular limitation for a method of introducing a cross-link by the reaction with a hydrazine com- 
pound so far as the aimed cross-linking structure is obtained and the method may be appropriately selected upon 
necessity such as concentrations of the acrylonitrile polymer and the hydrazine compound during the reaction, solvent 
used, reaction time and reaction temperature. With regard to reaction temperature among those, when It is too low, 

45 reaction rate becomes slow resulting in long reaction time while, when it is too high, plasticization of the starting acry- 
lonitrile polymer takes place whereby the shape may be destroyed. Therefore, the preferred reaction temperature is 50- 
150^C or, more preferably, it is 80-1 20°C. There is also no particular limitation for the part of the acrylonitrile polymer 
which is to be made to react with the hydrazine compound but the polymer may be appropriately selected depending 
upon the use and the shape of the said polymer. To be more specific, the reaction is canied out only on the surface of 

50 the polymer, the reaction is carried out into the core area throughout, the reaction is candied out by limiting to the specific 
area, etc. may be appropriately selected. Examples of the hydrazine compound used here are hydrazine hydrate; 
hydrazine salts such as hydrazine sulfate, hydrazine hydrochloride, hydrazine nitrate, hydrazine hydrobromide and 
hydrazine carbonate; and hydrazine derivative such as ethylenediamine, guanidine sulfate, guanidine hydrochloride, 
guanidlne nitrate, guanidine phosphate and melamine. 

55 [0028] Further, there is no particular limitation for a method of introducing a carboxyl group of a salt type by means 
of hydrolyzing reaction but known hydroiyzing conditions may be utilized. An example is a means where a basic aque- 
ous solution such as alkaline metal hydroxide (particularly, potassium hydroxide) and ammonia, a mineral add such as 
nitric acid, sulfuric add or hydrochloric acid or an organic acid such as formic acid or acetic acid is added to the above- 
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mentioned cross-linked acrylonitrile polymer followed by heating. VVith regard to the condition that the amount of car- 
boxyl group of a potassium type in the present invention is 1.0-8.0 meq/g, it may be determined by means of experi- 
ments by clarifying the relation between the reaction factor (such as reaction temperature, concentration and time) and 
the amount of the carboxyl group of a potassium type to be introduced. Incidentally, it is also possible that the hydrolyz- 
ing reaction is carried out simultaneously with the above-mentioned introduction of cross-link. Here, when hydrolysis is 
carried out using a base except potassium hydroxide or using an acid, it is necessary that the carboxyl group is changed 
to that of a potassium salt type. 

[0029] There is no particular limitation for the organic polymer in the present invention but known vinyl polymer may 
be used therefor. In carrying out the graft polymerization, there is no particular limitation for a polymer to be used as a 
stem but any of natural polymer, semi-synthetic polymer and synthetic polymer may be used. Specific examples of the 
polymer are plastic polymers such as polyethylene, polypropylene, vinyl chloride, ABS resin, Nylon, polyester, polyvi- 
nylidene chloride, polyamide, polystyrene, polyacetal, polycarbonate, acrylic resin, fluorine resin, polyurethane elas- 
tomer, polyester elastomer, melamine resin, urea resin, tetrafluoroethylene resin, unsaturated polyester resin, epoxy 
resin, urethane resin and phenol resin; common fiber-forming polymers such as Nylon, polyethylene, rayon, acetate, 
acrylate, polyvinyl alcohol, polypropylene, cupra, triacetate and vinylidene; natural rubber and polymer of synthetic rub- 
ber type such as silicone rubber, SBR (styrene-butadiene rubber), CR (chloroprene rubber), EPM (ethylene propylene 
rubber), FPM (fluorine rubber), NBR (nitrile rubber), CSM (chlorosulfonated polyethylene rubber), BR (butadiene rub- 
ber), IR (synthetic natural rubber), MR (butyl rubber), urethane rubber and acrylic rubber. 

[0030] There is no particular limitation for the shape of the moisture-absorbing and desorbing polymer perse in the 
present Invention but any of particles, fiber and sheet may be appropriately selected. Among them, particles can be 
used as additives for various products in various uses and, therefore, they are useful because of wide applicable 
ranges. Size of the particle may be appropriately,selected depending upon the use and there is no particular limitation. , 
However, particles having an average particle size of 1 000 m or less or, more preferably, fine particles having an aver- 
age particle size of 100 ^ m or less are of a big practical value because the applicable range as various additives 
becomes broad. 

[0031] When the shape of the moisture-absorbing and desorbing polymer perse is fibrous, various processing to 
paper, nonwoven fabric, woven fabric, knitted product, processed fiber product, etc. can be easily conducted and the 
applicable use becomes wide whereby such a shape is useful. In the case of sheet, that is useful for the use as a filter 
which can be directly subjected to a processing such as corrugated paper. 

[0032] When the moisture-absorbing and desorbing polymer of the present invention is made into a composition 
containing the same, its use spreads broadly. Especially when used as a processed product such as paper, nonwoven 
fabric, woven fabric, knitted product, sheet and foamed product, contacting area to gas is big and shape-holding prop- 
erty is good whereby it is useful as a material for moisture-absoibing and desorbing material. There is no particular lim- 
itation for the method for constituting them so far as the moisture-absorbing and desorbing polymer of the present 
invention is used and specific examples is that the form is constituted by the said polymer in a fibrous shape or the said 
polymer in particles is carried. However, in view of easy processing and low cost, good result is available when mois- 
ture-absorbing and desorbing polymer in particles is carried. 

[0033] With regard to a method of carrying the moisture-absorbing and desorbing polymer of the present invention, 
it may be mixed with, impregnated into, applied to (using a binder) or contained in a matrix which constitutes the mate- 
rial and there is no particular limitation therefor but various methods may be adopted. The moisture-absorbing and des- 
orbing polymer may be present in the said matrix or on the matrix surface. Thus, for example, a method where said 
polymer particles are mixed during the manufacturing stage of paper, nonwoven fabric, woven fabric, knitted thing, 
sheet, foamed product, etc., a method where a sluny of the said polymer particles is impregnated or applied using a 
binder and any other method may be adopted. 

[0034] Specific examples are that, in the case of manufacture of paper from moisture-absorbing and desorbing pol- 
ymer in particles or in fibrous form, the moisture-absorbing and desorbing polymer of the present invention in particles 
or in fibrous form is added to a slurry of materials for paper manufacture such as pulp or synthetic fiber dispersed in 
large amount of water followed, if necessary, by adding other necessary additives and the mixture is well mixed and 
made into paper using a common paper manufacturing machine. At that time, a fixing agent may be added, if neces- 
sary, for suppressing the loss of a filler by washing and examples of the fixing agent are modified polyethyleneimine, 
modified polyacrylamide, sodium alginate, gum arable, soluble starch, aluminum sulfate and potassium alum. Amount 
of the fixing agent may be appropriately selected depending upon its type and the amount of the said polymer particles 
used. Further, sizing agent, dye, paper strength reinforcing agent, etc. which are commonly used in the manufacturing 
steps of paper may be appropriately used. With regard to a surface-active agent, that of anionic, cationic or nonionic 
type may be appropriately selected taking other additives into consideration and used. There is no particular limitation 
for the moisture-absoriDing and desorbing polymer used for such a paper manufacture but, in the case of particles, favo- 
rable result is available when powder having a particle size of 1 -1 00 m is used. When the particle size is smaller than 
1 \i m, the powder falls down together with water from the net of the paper manufacturing machine while, when it is 
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larger than 1 00 |i m, the powder is too big whereby a problem that a homogeneous dispersing is difficult may happen. 
In the case of a fibrous shape, the finer the fiber diameter, the better but, practically, good result is available when it Is 
0.05-10 dtex and fiber length is 1-20 mm. 

[0035] When used as a nonwoven fabric, there is no particular limitation but various methods may be used for 
5 adapting to nonwoven fabric. Specific examples in the case of a dry process are that of an adhesive type such as dip- 
ping method, printing method, spraying method, powder method and adhesive fiber method (thermal bond method), 
that of a mechanical bond type such as felt method, stitch method and needle punch method, that of a water flow entan- 
gling method such as spun lace method, and that of a spinning type such as spun bond method, networic method, melt- 
blow method and film method while those in the case of a wet process are that of a water flow entangling type such as 
10 a spun race method, that of a spinning method such as spun bond method and flash spinning method, and that of a 
paper manufacturing type such as themial fusion fiber method, thermal pressure method and adhesive method. There 
is also no particular limitation for a method for carrying the moisture-absorting and desorbing polymer and, for example, 
in the case of fiber, fiber is mixed up with a fiber material constituting the nonwoven fabric whereby compositions can 
be easily prepared while, in the case of particles, various methods such as that they are sandwiched In those nonwoven 
15 fabric, that they are adhered with and carried on the fiber material constituting the nonwoven fabric and that they are 
applied on the surface of nonwoven fabric may be used for the canying. Further, there is no particular limitation for 
weight per unit area although good result is often achieved when that is 20-300 g/m^. When that is less than 10 g/m^, 
strength is low resulting in breakage and the like while, when that is more than 300 g/m^, there is a tendency of reduc- 
tion In permeability of gas and liquid and that may be sometime unfavorable. Particularly favorable examples of the non- 
20 woven fabric are a spun bond nonwoven fabric which is formed using a compounded fiber being comprised of a sheath 
part consisting of polyethylene and a core part consisting of polypropylene or polyester and a two-layered nonwoven 
« fabric where the surface is a polyester fiber web layer while the back js a polypropylene web layer. Since those nonwo- 
ven fabrics can be easily processed due to the low-melting polyoiefin component whereby It is possible to give a favo- 
rable material. When plastic foams are used for matrix, it is possible to prepare aimed plastic foams containing the said 
25 polymer by a common method where the said polymer particles are mixed with plastic foams such as foamed poly- 
urethane or by a method where a slurry of moisture-absorbing and desorbing polymer particles is impregnated there- 
into. 

[0036] There is no particular limitation for the property of the polymer in the present invention but, when the polymer 
is made into a porous substance, further improvement in moisture-absorbing and desorbing rate can be achieved. To 

30 be more specific, a favorable result is available when there are macropores where the specific surface area is not less 
than 1 m^/g and an average pore diameter is 0.005-1 .0 \i m. There is a tendency that the more the specific surface area, 
the more the moisture-absori3ing rate although it is not always true that, just when the specific surface area is big, the 
moisture-absorbing rate is fine. Thus, even when the specific surface area is big, there are some cases where pores 
perse disturb the diffusion of water molecules resulting in a reduction of moisture-absortDing rate if the average pore 

35 diameter is very small. Accordingly, with regard to the moisture-absorbing rate, it Is Important that the above-mentioned 
specific surface area and average pore diameter are well-balanced. The terms "specific surface area' used here stands 
for a value measured by means of a one-point method in a BET method which Is a physical adsorption method. Another 
term "average pore diameter" stands for a value calculated by a formula (4V/S) where V is a pore volume per unit mass 
while S is a spec'rfic surface area obtained from a pore diameter distribution as measured by a mercury compression 

40 method. 

Examples 

[0037] The present invention will now be specifically illustrated by way of the following examples although the 
45 present invention is not limited to those examples. Unless othenwise mentioned, the temis "part(s)" and "%" used in the 
Examples are those by weight. Rrst, method for evaluating the characteristics and the way of expressing the evaluated 

result will be illustrated. 

[0038] Evaluation of moisture-absorbing property was carried out by means of an equilibrium moisture-absorbing 
ratio and a two-minute moisture-absorbing amount. The equilibrium moisture-absorbing ratio is the moisture-absorbing 

50 ratio obtained by the following method. Thus, about 1 .0 g of molsture-absortDing material perse In particles or in fiber 
or a sheet sample is dried by a hot air drier at 1 05^C for 1 6 hours to measure the weight (Wds) in grams, then the sam- 
ple is allowed to stand for 24 hours in a chamber adjusted to and kept at the temperature of 20''C and the relative humid- 
ity of 65% RH and the weight of the moistened sample is measured (Wws) in granns and, based upon the above result, 
calculation is made according to the following formula. Incidentally, in the case of a processed substance in a sheet, 

55 each of the weights is calculated using the weight of the moisture-absorbing and desorbing polymer per se after 
deducting the weight of the base material. 

Equilibrium moisture-absorbing ratio (%) = {(Wws - WdsyWds} x 1 00 
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[0039] Method of measuring the two-minute moisture-absorbing amount is as follows. First, the sample for the 
measurement is prepared as follows. A sheet or paper having a thickness of about 200 \i m containing 50 g/m of a 
moisture-absorbing material is prepared. With regard to a method of preparing the sheet, that will be mentioned later 
according to the form of each material. Then the said sheet is subjected to a comjgating process under the conditions 
of a cell pitch width of 3.7 mm and a cell height of 2 mm, the resulting corrugated paper is made into a cylinder having 
a diameter of 38 mm at the opening and a length of 200 mm and the cylindrical product is used as a sample for the 
measurement. With regard to the measurement of the said sample, the sample is firstly dried under the conditions of 
65°C and an absolute humidity of 1 4 g/kg dry air. When it is confirmed that there is no change in the weight under the 
said condition, the drying treatment is finished and the weight at that time is defined as a dry weight (Wd1), After that, 
air of 27*^0 and having an absolute humidity of 1 1 g/kg dry air is passed into the corrugated paper in a direction of the 
corrugated paper under the condition that face velocity at the pore cross section (38 mm diameter) of the product is 2 
m/sec whereby moisture absorption is carried out. This moisture-absorbing operation is carried out for two minutes and 
the weight after the said two minutes is measured and defined as a moisture-absorbed weight (Ww1). The difference 
between the resulting moisture-absorbed weight (Wwl) and the dry weight (Wd1) is defined as a two-minute moisture- 
absorbed amount and is expressed in gram(s). 

[0040] On the other hand, the moisture-desorbing rate Is evaluated by a moisture desorbed amount during two min- 
utes. Thus, a moisture-absorbing treatment is can-ied out under the conditions of at 2rC and an absolute humidity of 
1 1 g/kg dry air. When it is confirmed that there is no change in the weight under the said conditions, the moisture- 
absorbing treatment is finished and the weight at that time is defined as a moistened weight (Ww2). After that, air of 
65*C and having an absolute humidity of 14 g/kg dry air is passed into the processed substance in a direction of the 
corrugated paper under the condition that face velocity at the pore cross section (38 mm diameter) of the substance is 
2 m/sec whereby drying is carried out. This drying operation is carried out for two minutes a^d the weight after the said 
two minutes is measured and defined as a dry weight (Wd2). The difference between the resulting dry weight (Wd2) 
and the moistened weight (Ww2) is defined as a two-minute moisture-desorbed amount and is expressed in gram(s). 
In both cases of moisture-absortDing and desorbing rates, the more the two-minute moisture-absorbing and desorbing 
amounts, the higher the property. 

[0041] Average particle size of the particles is measured as follows. Thus, a particle size distribution measuring 
device of a laser diffraction type (SALD 2000 manufactured by Shimadzu) is used, the result using water as a dispersing 
medium is expressed by volume and its medium diameter is adopted as an average particle size. 
[0042] In the case of amount of carboxyl group of a potassium salt type, the polymer to be measured is subjected 
to a wet decomposition, amount of potassium contained therein is determined by an atomic absorption method and the 
amount of carboxyl group of a potassium type is calculated from the above result. With regard to the case of other alka- 
line metal type, amount of each metal is detemiined by means of an atomic absorption method and the amount of car- 
boxyl group for each salt type is calculated. 

[0043] Total amount of carboxyl group in the polymer is measured as follows. Thus, the polymer to be measured is 
dispersed in water and, after adjusting the pH to 2.0 with 1 N hydrochloric acid, it is dried and weighed. Then the said 
adjusted sample is dispersed in water again, a titration is carried out using 0.1 N aqueous solution of NaOH and. from 
the resulting titration curve, amount of carboxyl group by weight of the polymer of an H type (i.e., amount of carisoxyl 
group of an H type) is calculated. 

Example 1. 

[0044] Ambertite IRC 76 (a weakly acidic cation-exchange resin manufactured by Rohm & Haas) was made into a 
potassium type using a 1 N aqueous solution of potassium hydroxide. Then the said resin was pulverized into fine par- 
ticles of 10 m or smaller using "Dyno-Mlll" of Glen Mills Inc. Amount of carboxyl group of a potassium type in the 
resulting fine particles was 7.1 meq/g while the equilibrium moisture-absorbing ratio was 48%. To 1 00 parts of the fine 
particles of the moisture-absorbing and desorbing polymer were added 50 parts of a vinyl acetate emulsion containing 
55% solid as a binder to prepare a liquid for application. The said liquid was applied to a paper (of a weight of 40 g/m ) 
to make the carried amount of the said polymer 60 g/m^ followed by drying. After drying, the resulting paper containing 
the moisture-absorbing and desorbing polymer particles was subjected to a corrugating treatment and the two-minute 
moisture-absorbing and desorbing rates were measured. The result is shown in Table 1 together with other evaluated 
items. 
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Table 1 





Example 


Comparative Examples 




1 


1 


2 


3 


4 


Amount of carboxyl group in H type (meq/g) 


10.2 


10.2 


10.2 


10.2 


10.2 


type Ui odlL 


i\ 


Li 


Na 


Rb 


Cs 


Amount of carboxyl group In salt type (meq/g) 


7.1 


9.5 


8.0 


4.9 


4.0 


Average particle size {n m) 


3 


3 


3 


4 


3 


Equilibrium moisture-absorbed ratio (%) 


53 


51 


62 


43 


35 


2*Minute moisture-absorbed amount (g) 


0.86 


0.052 


0.57 


0.69 


0.55 


2-Minute moisture-desorbed amount (g) 


1.08 


0.070 


0.69 


0.83 


0.71 



Comparative Examples 1 -4. 

20 [0045] An Ion exchanging was earned out by the same method as In Example 1 for the ion other than potassium 
(Li. Na. Rb and Cs) using the corresponding hydroxide to prepare the resin in the corresponding salt type and, after pul- 
verization, application and conjugation, rgoisture-absorblng and desorbing amounts within two minutes were measured. 
The result is shown in Table 1. Each of them was called Comparative Examples 1-4, respectively 
[0046] When Example 1 was compared with Comparative Examples 1 -4, a Na type was best In terms of equilibrium 

25 moisture-absorbing ratio and was as high as 1 .1 7-fold of potassium salt type which was the second best one and the 
ratios were in the order of Na > K = Li > Rb > Cs. On the other hand, in terms of the two-minute moisture-absorbing 
amount, the potassium type of the present invention was best and was confirmed to be as high as 1 .25-fold of Rb salt 
type which was the second best one. In terms of moisture-desorbing rates, the order was as same as that in the case 
of moisture-absorbing rates and a potassium salt type was again confirmed to be best in the moisture-desorbing rate. 

30 Thus, it was proved that the moisture-absorbing and desorbing polymer of the present invention was very good in the 
moisture-absorbing and desorbing rates within a very short period of time. 

Example 2. 

35 [0047] An acrylonitrile type polymer (10 parts) consisting of 90% by weight of acrylonitrile and 10% by weight of 
methyl acrylate was dissolved In 90 parts of 48% aqueous solution of sodium thiocyanate, the resulting polymer solu- 
tion was impregnated into and adhered to a polypropylene nonwoven fabric to such an extent that the amount as a pol- 
ymer solid was 30 g/m^, and the fabric was dipped in water (20°C) which was a non-solvent to coagulate whereupon a 
sheet product was prepared. The resulting sheet was well washed with water, then 50 parts of 60% by weight of hydra- 

40 zine and 850 parts of water were added to 1 00 parts of the acrylonitrile type polymer carried on the sheet, a hydrazine 
treatment was can-ied out at 90^0 for 3 hours to Introduce cross-links thereinto, then 100 parts potassium hydroxide 
were added thereto and a reaction was carried out at 120°C for 5 hours to hydrolyze the remaining nitrile group where- 
upon a sheet carrying the moisture-absorbing and desorbing polymer having carboxyl group of a potassium type was 
prepared. The resulting sheet contained 49 g/m^ of the moisture-absorbing and desorbing polymer and its characteris- 

45 tics such as equilibrium moisture-absorbing ratio are as shown in Table 2. The said sheet was subjected to a corrugat- 
ing treatment under the already-mentioned condition and the two-minutes moisture-absorbing and desorbing rates 
were measured. Result of the measurement Is shown in Table 2 as well. In the resulting moisture-absorbing and des- 
orbing polymer in sheet, amount of carboxyl group of a potassium type is small and, therefore, both equilibrium mois- 
ture-absorbing ratio and two-minute moisture-absorbing and desorbing amounts were less than those in Example 1 

50 although the resulting moisture-absorbing and desorbing rates were confirmed to be better than those of a sodium type 
of Comparative Example 2. Unlike Example 1, no binder (which was thought to suppress the moisture-absorbing and 
desorbing rates) was used in Example 2 and, probably because of that, there was a characteristic feature that, as com- 
pared with Example 1, decrease in the moisture-absorbing rate was not so significant as the decreasing ratio of the 
amount of cart}oxyl group of a potassium type. 

55 
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Table 2 





Examples 


Comparative 


3 Examples 




2 


3 


4 


5 


6 


Amount of carboxyl group in H type (meq/g) 


6.2 


7.4 


7.5 




12.8 


Type of salt 


K 


K 


K 


K 


K 


Amount of carboxyl group in salt type (meq/g) 


5.4 


5.7 


5.8 


0.91 


8.7 


Equilibrium moisture-absorbed ratio (%) 


41 


44 


49 


11 


25 


2-Minute moisture -absorbed amount (g) 


0.76 


0.82 


0.95 


0.008 




2-Minute moisture-desorbed amount (g) 


0.92 


1.02 


1.19 


0.009 





Example 3. 

[00481 The same operation as in Example 2 was carried out except that a solution of acrylonitrile type polymer solu- 
tion prepared in Example 2 was spun from a spinning nozzle having a pore diameter of 60 n m into a spinning bath 
where the bath temperature was -2 "C and 15% aqueous solution of sodium thiocyanate was used as a non-solvent 
followed by elongating and washing with water to give fibrous aprylonitrile type polymer whereupon a fibrous moisture- 
absorbing and desorbing polymer having a fiber diameter of about 1 8 n m of the present Invention was prepared. After 
that 50 parts of the said fiber, 40 parts of pulp and 1 0 parts of vinylon fiber were mixed and made into paper to give 
paper which was a paper product of a weight of 1 00 g/m^ containing a fibrous moisture-absorbing and desorbing poly- 
mer This paper was corrugated under the already-mentioned condition and the two-minute moisture-absorbing and 
desorbing rates were measured. Result of the evaluation is shown in Table 2. It vras confirmed that, even when the 
moisture-absorbing and desorbing polymer is fibrous, the moisture-absorbing and desorbing rates were better than in 
the case of the sodium salt type of Comparative Example 2. The two-minute moisture-absorbing and desorbing rates 
were nearly the same as good as those in Example 1 while, in the case of fibrous form, deformation of corrugated paper 
was noted probably due to expansion and shrinking of the fiber as a result of moisture-absorption and desorption. 



Example 4. 

[0049] The same operation as in Example 3 was earned out except that spinning into a spinning bath of water of a 
bath temperature of + 1 0 =C was conducted whereupon porous and fibrous moisture-absorbing and desorbing polymer 
having a fiber diameter of about 20 u m was prepared. Further, the same paper manufacture and corrugating operation 
as in Example 3 were carried out and the resulting product in a fomi of paper was subjected to a measurement of the 
two-minute moisture-absorbing and desorbing rates. Result of the evaluation is as shown in Table 2 and the best mois- 
ture-absorbing and desorbing rates were noted. Especially when compared with Example 3. it was confirmed that, in 
spite of the fact that the amount of carboxyl group in a potassium type is nearly the same, quicker moisture-absorbing 
and desorbing rates were able to be expressed due to porosity. Incidentally, specific surface area and average pore size 
of the said fiber were 1 9.5 m^/g and 0.065 n m. respectively. 

Comparative Example 5. 

[0050] A water-soluble polymer (300 parts) consisting of methacrylic acid and sodium p-styrenesulfonate (70:30) 
and 30 parts of sodium sulfate were dissolved in 6595 parts of water and placed in a polymerization vessel equipped 
with a paddle-shaped stirrer. After that. 15 parts of 2.2'-azobis (2.4-dimethylvaleronitrile) were dissolved in a mixture of 
2300 parts of methyl methacrylate, 250 parts of methacrylic acid and 500 parts of divinylbenzene, placed in a polymer- 
ization vessel and subjected to a suspension polymerization at BO'C for 2 hours under a stirring condition of 300 rpm 
to give a cross-linked copolymer of methyl methacrylate/methacrylic acid/divlnylbenzene having an average particle 
size of 60 fi m. Since the resulting polymer was a caiboxylic add type, it was adjusted to pH 1 2 using 0.1 N aqueous 
solution of potassium hydroxide at room temperature to give a potassium type. The resulting particles were pulverized, 
applied and con-ugated by the same manner as in Example 1 and the two-minute moisture-absorbing and desorbing 
rates were measured. The evaluated result is shown in Table 2 and, since the amount of carboxyl group of a potassium 
type was very little, equilibrium moisture-absorbing ratio was low and the two-minute moisture-absorbing and desorbing 
rates were extremely slow as well whereby the product is meaningless in practical use. 



10 



EP 1 065 222 A1 



Comparative Example 6. 

[0051] A water-soluble polymer (300 parts) consisting of methacrylic acid and sodium p-styrenesulfonate (70:30) 
and 30 parts of sodium sulfate were dissolved in 6600 parts of water and placed In a polymerization vessel equipped 

5 with a paddle-shaped stirrer. After that, 15 parts of 2,2'-azobis(2,4-dimethylvaleronitrile) were dissolved in a mixture of 
2900 parts of methyl acrylate and 150 parts of divinylbenzene, placed in a polymerization vessel and subjected to a 
suspension polymerization at 60^C for 2 hours under a stimng condition of 300 rpm to give a cross-linked copolymer of 
methyl acrylate/divinylbenzene having an average particle size of 63 \i m. The said polymer (100 parts) was dispersed 
in 900 parts of water, 1 00 parts of potassium hydroxide were added thereto and the mixture was made to react at 90*^0 

10 for 2 hours to hydrolyze a methyl ester moiety of methyl acrylate whereupon polymer particles having 8.7 meq/g of car- 
boxyl group of a potassium type were prepared. Average particle size of the said polymer particles was swollen by the 
hydrolysis showing the size of as big as 230 m and they were almost in a state of gel. When the product was dried, It 
showed tackiness and was hard to handle. Pulverization was then tried but, In a dry process, It became too hard while, 
in a wet process, swelling was significant and pulverization was impossible. Therefore, it was not possible to measure 

75 the moisture-absorbing and desorbing rates during two minutes. The equilibrium moisture-absorbing ratio was also low 
like in the highly water-absorbing resins. They are probably due to the fact that amount of carboxyl group of a potassium 
type became too much whereby the above problems were resulted. 

Advantages of the Invention 

20 

[0052] According to the present invention, organic polymer containing a specific polar group Is utilized whereby It is 
now possibly to offer a polymer which has good molsture-absortslng and desorbing properties and Is able to express 
the said moisture-absorbing and desorbing properties within a short period of time. Thus, it is the remarkable advan- 
tage of the present invention to be able to offer a polymer having good moisture-absorbing and desorbing rates which 
25 have not been available up to now. 

[0053] As a result of utilization of the function of the moisture-absorbing and desorbing polymer of the present 
invention, the polymer can be applied to various fields such as fiber, processed fiber, sheet, paper, nonwoven fabric, 
film, binder, paint, adhesive, sensor, resin, electricity and electronics. 

30 Claims 

1. A moisture-absorbing and desortjing polymer, characterized in that, the said polymer is an organic high-molecular 
substance containing 1.0-8.0 meq/g of carboxyl group of a potassium type and having a cross-linking structure. 

35 2. The molsture-absoriDing and desorislng polymer according to claim 1 , wherein the polymer is in any of the fonns of 
fiber, particles and sheet. 

3. A composition which Is characterized In containing the moisture-absorbing and desort^ing polymer mentioned in 
any of claims 1 and 2. 

40 



45 



50 



55 
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